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© Treated glass fibers for use in an aqueous dispersion to manufacture nonwoven mat. 

© Chopped glass fibers used to manufacture a mat from an 
aqueous dispersion of the chopped glass fibers and/or 
strands are difficult to disperse in water especially if the 
fibers have large amounts of a protective organic coating. 
Treated glass fibers can be produced according to the 
invention that have adequate protection for gathering into 
strands and that, when chopped, are more dispersible in 
aqueous media. The treated glass fibers have a coating of an 
aqueous treating composition having a cationic surfactant 
having one or more primary, secondary and/or tertiary 
amine moieties and one or more water dispersible, emuisifi- 
abfe or soluble polyois and one or more polar functional 
coupling agents. Glass fibers treated with the aqueous 
treating compositions and produced into wet or dry chopped 
glass fiber strands having lengths of about 1/16 of an inch 
{1.58 mm) to about 3 inches (76.2 mm), and have good 
dispersibtlity in aqueous media with or without addition of 
dispersing agents for production of nonwoven sheet-like 
mat. 
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TREATED GLASS FIBERS FOR 0SE IN AN AQUEOUS DISPERSION 
TO MANUFACTURE NONWOVEN MAT 

The Pr ese nt invention is directed to treated glass fibers 
hat are more readily dispersiole in aeneous solutions, and where 

~ ^ U8Sd iD *™ ^-containing 

paper havrng good strength properties. * 
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for reinforcement purposes. The collected continuous strands, or 
chopped strands can be dried, or the wet chopped strands can be 
packaged in their wet condition. The dried continuous glass fiber 
strands can be chopped or combined with other glass fiber strands 
to form rovings, or produced into continuous strand mats or woven. 
Such steps depend upon the ultimate use for the glass fibers. 

Glass fibers having been used by themselves and in 
combination with other types of fibers in the production of paper- 
like sheet materials. Glass fibers have been used as such a 
supplemental fiber in specialty, synthetic, fiberboard, pulp and 
composite papers. Also, the glass fibers are finding a use in 
glass fiber paper which is a substitute for papers made of asbestos 
fiber. Also, in recent years, there has been increasing use, and 
industry desire for further use, of a nonwoven, sheet-like mat of 
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chopped glass fibers and/or strands as a rep! accent for organic 
felts such as cellulose mats in roofing shingles and builtup 
roofing systems (BUR systems). This usage and further expanded 
usage of the glass fiber mats in the roofing industry is based on 
5 several advantages of using the glass fiber mat. These advantages 

include: the reduction in the amount of asphalt necessary for the 
roofing products, the reduction in the weight of the roofing prod- 
ucts, increased production rates for producing the roofing products, 
superior rot resistance, longer product life, and improved fire. 
10 ratings. These types of papers and nonwoven, sheet-like mat are 

usually produced in a process where chopped fibers, or chopped 
fiber strands are dispersed in an aqueous solution and formed into 
a mat of chopped glass fibers and/or strands. A nonwoven, sheet- 
like mat product is produced by contacting the mat of glass fibers 
15 with a polymeric binder. An example of a process to produce such a 

mat product is the "wet-laid process". 

The wet-laid process involves forming an aqueous disper- 
sion of chopped fibers or chopped strands usually with agitation 
in a mixing tank. The aqueous dispersion, usually referred to as 
slush, is processed into the wet-laid, sheet-like mat by such 
machines as cylinder or fourdirnier machines or more technologi- 
cally advanced machinery, such as the Stevens former, Roto Former, 
Inver Former and the VertiFormer machines. The slush is deposited 
in some manner from a head box onto a moving wire screen or onto 
the surface of a moving wire-covered cylinder. The slurry on the 
screen or cylinder is processed into the nonwoven, sheet-like mat 
by the removal of water, usually by suction and/or vacuum devices, 
and by the application of a polymeric binder with further removal' 
of water and excess binder by suction and/or vacuum devices. The 
binder impregnated nonwoven, sheet-like glass fiber mat is dried 
and cured in one or more ovens. 

The strength of the nonwoven, sheet-like mat of glass 
fibers must be sufficient to withstand the processing steps and 
speeds, and desirably permit the use of higher speeds used to 
produce the nonwoven, sheet-like mat into various end products. In 
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addition, the strength of the sheet-like mat must be sufficient to 
permit the mat to be stored in any desirable form, possibly for 
extended periods of time without loss of its cohesive properties. 
Also, the finish on the glass fibers in the sheet-like mat must be 
sufficient to permit the mat to be stored in any desirable form, 
possibly for extended periods of time without loss of its cohesive 
properties. Also, the finish on the glass fibers in the sheet-like 
mat should enable the stored mat to be processed into end use 
products without cracking or without the production of large 
amounts of static being generated during use* The efficient 
processability of the nonwoven, sheet-like mat into various end 
products depends on the strength properties of the sheet-like mat 
and also the structure and homogeneity or uniformity of the 
arrangement of glass fibers in the mat itself. 

Also, the strength of the sheet-like mat is important for 
the strength that the mat gives to any end product incorporating 
the mat. For example, when the sheet-like mat of chopped glass 
fibers and/or strands is to be utilized in producing roofing 
products, such as shingles and the mat for BUR systems, the sheet- 
like mat must have sufficient strength properties to enable the 
processing of the sheet-like mat in these products. The roofing 
industry is seeking higher strengths for these products and this 
is especially true for hot-wet tensile strengths and flexibility 
characteristics of the sheet-like mat. 

The uniformity of the arrangement of chopped glass fibers 
and/or strands in the nonwoven, sheet-like mat of chopped glass 
fibers and/ or strands contributes to the strength of the mat and of 
the ultimate end product. One problem that exists in preparing a 
uniform mat of chopped glass fibers and/or strands from an aqueous 
dispersion is that glass fibers are not easily dispersed in aqueous 
media. This difficulty in dispersing the glass fibers occurs 
initially upon adding the glass fibers to water. The dispersibility 
is further complicated by the tendency of the glass fibers, once 
they are present and evenly scattered to some degree in the aqueous 
medium, to reagglomerate to some degree. The reagglomerated glass 
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fibers are very difficult to redisperse. The lack of a good 
dispersion of the glass fibers in the aqueous medium hampers the 
formation of a uniform mat, and adversely affects the strengths of 
any resultant sheet-like mat or end product incorporating the mat. 

Over the years the art has attempted to deal with the 
difficulty of dispersing glass fibers in aqueous media by using 
various approaches. One early approach was to maintain an acid pH 
in the aqueous media to which the glass fibers are added, but such 
a system required expensive processing equipment due to the acidic 
nature of the aqueous solution. A more recent approach is to use a 
sizing composition for the glass fibers having a polys iloxane such 
as that shown in U.S. Patent 4,052,256. Other sizing compositions 
have been used such as those shown in U.S. Patents 4,052,257; 
4,185,138; 4,284,538, and 4,330,337. These sizing compositions are 
15 used to treat glass fibers that are dispersed in water with the aid 

of dispersing 'agents. Another approach is to add dispersing agents 
such as amine oxides and/or others to the aqueous media to which 
the glass fibers are added. This approach is independent of 
whether the glass fibers are sized or unsized. Such dispersing 
agents are disclosed in U.S. Patents 4,178,203; 4,178,204; 4,178,206; 
4,179,331; 4,183,782 and 4,265,704. 

In several of the approaches of the prior art to achieve 
a uniform aqueous dispersion of glass fibers, a treating composi- 
tion placed on the glass fibers to assist in protecting the glass 
25 fibers from interf ilament abrasion may actually reduce or inhibit 

the dispersibility of the glass fibers or the glass fiber strands 
in aqueous media, when certain dispersing agents are used. It 
would be advantageous to have treated chopped glass fiber strands, 
where the sizing composition protects the fibers from interf ilament 
30 abrasion, and where the sizing assists in dispersing the glass 

fibers and/or strands in aqueous media without the need for expen- 
sive dispersing agents. It would also be advantageous to have a 
treating composition and treated glass fibers that are readily 
dispersible in aqueous media with or without the use of dispersing 
35 agents, which enables the production of binder-con taia Lug, nonwoven, 
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sheet-like mat of glass fibers having good strength and flexibility 
properties, especially those like hot-wet tensile strength retention. 

It is an object of the present invention to provide 
treated glass fibers that are adequately protected from interfila- 
ment abrasion, where the fibers are in the form of bundles of 
fibers, and at the same time, that have good dispersibility in 
aqueous media to be useful in forming aqueous dispersions of 
chopped glass fibers and/or strands that can be produced into 
non— woven sheet-like mat having good strength properties, such as 
good wet-strength properties, dry-strength properties, and tear- 
strength properties to allow for good process ability of the mats 
themselves, and of the mats into resulting products, such as base 
materials for roofing products like BUR systems and shingles and 
flooring, 

SUMMARY OF THE INVENTION 
Accordingly, the foregoing object and other objects 
gleaned from the following disclosure are accomplished by the 
treated glass fibers according to the claims. 

The treated glass fibers of the present invention have 
been treated with an aqueous treating composition applied to the 
glass fibers in any manner and comprising one or more water soluble, 
dispersible and/or emulsifiable cationic lubricants having one or 
more primary, secondary and/or tertiary amines and one or more 
water soluble, dispersible and/or emulsifiable polyols that are 
dihydroxy or polyhydroxy functional and stable at temperatures up 
to about 120 *C. and one or more coupling agents having an organic 
and an inorganic polar functional moiety and water in sufficient 
amounts to give a total solids for the treating composition of 
about 0.5 to about 25 weight percent. 

The treated glass fibers have an amount of the treating 
composition in the range of about 0.01 to about 5 weight percent on 
a loss on ignition (LOI) basis, where the treated fibers are in the 
form of bundles and/or strands. The treated glass fibers can be in 
any form such as continuous glass fiber strands or chopped glass 
fiber strands, which are produced as wet chopped or dry chopped 
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present invention, the achievement of obtaining good properties in 
all of these areas is effected by the synergistic influence of the 
chemical components making up the treating composition on the glass 
fibers, and the interrelationship between the chemical treating 
composition and the surface of the glass fibers, and the interrela- 
tionship between the treatment on the glass fiber surface and the 
polymeric binder used to make the nonwoven sheetlike mat having the 
polymer binder. 

The treating composition of the present invention has 
present one or more polyol compounds that at least are moderately 
water soluble or water dispersible or water emulsifiable. It is 
believed, without limiting the invention, that the polyol compounds 
provide protection for the glass fibers from interf ilament abrasion 
without giving the treated fibers too much adhesion or cohesion to 
retard the dispersibility of the chopped, treated glass fibers in 
aqueous media." Polyols suitable for use are the di and polyfunc- 
tional hydroxy compounds and polymeric compounds. Useful polyols 
are those that are stable at temperatures up to about 120'C. 

Nonexclusive examples of these compounds include alkylene 
glycols having up to 6 carbon atoms such as ethylene glycol, 
propylene glycol, 1,2-butane diol, 1,3-butane diol; 1,4-butane diol 
or tetramethylene glycol, 2,3-butane diol, 1,4-hexane diol, penta- 
methylene glycol, hexamethylene glycol and the like; neopentyl 
glycol, hexylene glycol, pentaerythritol, dispentaerythritol, 
trimethylol propane, sorbitol, glycerine, and polyalkylene glycols 
having the formulae: 

HO <CH 2 CH 2 ) n H (i) 
HO (CH2GH2CH20 ) n H (n ) 

where n is a positive integer of at least 2 and usually commercially 
is from 2 to about 25. Representative examples of this last class 
include di(ethylene) glycol, dipropylene glycol, tri(ethyleneoxy) 
glycol, dodecyl (ethyleneoxy) glycol; eiosyl (ethyleneoxy) glycol, 
tri(propyleneoxy) glycol, dodecyl ( propyl eneoxy) glycol and the 
like. Also, ether polyols such as diethylene glycol, and triethyl- 
ene glycols, dipropylene glycol and the like can be used. Also, 
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glycol esters of fatty acids like laurate, palmate, stearate 
oleate, dilaurate, dimyristate and the like can be used. In 
addition, the higher boiling esters of glycols like acetates of 
.ethyl ethyl and butyl monoethers can be used. Also, alkyl ethers 
of alkylene gly Cols , mono md die8ter(j Qf ^ 

glycols, and alkylene glycols, polyalkylene glycols having a 
formula like formula I or II. but vhere n is greater than about 
Z5, ether esters and polyoxyalkylene polyols can be used 

A particularly useful class of polyols for the present 
invention, are those water soluble or water dispersible polyols 
havxng the polymeric polyols such as polyalkylene polyol and 
polyoxyalkylene polyols and mixtures thereof. The polyoxyalkylene 
Pdyols are fro. a class of compounds known as polyether polyols. 
The water dispersible, high molecular weight polyalkylene polyols 
can be made by any suitable method known to thos* skilled in the 
art such as the base cataly.ed reaction of alkylene oxide, such as 
met h yl ene oxxde, ethylene oxide, propylene oxide. Xylene oxide, 
and the Ixke with triols such as glycerol, trimethylolpropane and 
1,2,6-hexanetriol. Polyol, having four or more hydroxyl groups 
have sxmxlarly been reacted with the alkylene oxide to prepare the 
oxyalkylated derivatives. The higher alkylene materials and higher 
polyol materials such as pentaerythritol and sugar alcohols can be 
used xf any resulting solid material is properly emulsifiable with 
surfactants in water. This relates to the water dispersible 
nature of the polyoxyalkylene polyol. So the polyoxyalkylene 
polyol can be either a solid or li quid as long as it dispersible 
or emulsxfxable or soluble in water. Nonexclusive examples^ 
these polyether polyols include poly(oxy propylene) adducts of 
trxmethylolpropane, poly (oxypropylene) adducts of glycerol; poly 

oxy P ropylene-B-oxyethylene) adducts of trimethylol propane and the 
Uke. The average molecular weight range of these polyether 
Polyols is generally about 300 to about 12,000 and preferably about 
700 or more to around 10,000. Mixtures of these polyether pol yols 
can be used such as a blend of a 7000 average molecular weight, 
Uquxd polyoxyalkylene polyol with a 10,000 average molecular 
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weight, liquid polyoxyalkylene polyol. This blend can have any 
proportion of the two materials like a 50/50 blend* Commercial 
examples of these materials include the liquid polyoxyalkylene 
polyol designated Pluracol® V-7 polyol with the liquid polyoxy- 
alkylene polyol designated Pluracol® V-10 polyol both available 
from BASF-*?yandotte Corporation, Industrial Chemicals Group, 
Wyandotte, Michigan. 

The Pluracol® V-7 polyol has the following properties: 

PLURACOL^ V-7 POLYOL TYPICAL PHYSICAL PROPERTIES 
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Specific Gravity, ,25 °C/25*C 
Flash Point, *F. 
Fire Point, *F 
Pour Point, *F 
Ash, Typical Z' 

Specification (max.), % 



1.090 

510 (266°C.) 
580 (304°C.) 
+25 (-3.9 a C.) 

0.2 

0.3 



Viscosity, as is, at 210°F. (98.9*C), SUS 930 

cs 200 

at 100 a F. (37.8°C), SUS 5600 

cs 1200 
Viscosity of Aqueous Solutions at 10 # F. (37.8*0.) 
20% Solution, SUS .49 

cs 7.0 
50% Solution, SUS 380 

cs 81.4 

Inverse Cloud Point (2.5% aqueous 

solution) °F. 180 (82.2*C) 

Solubility Pluracol® V-7 is soluble in 

water, alcohols, and glycols 
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The Pluracol® V-10 polyol as the following properties: 



P LURACOL® V-10 PQLYOL TYPICAL PHYSICAL PROPERTIES 
Appearance .. , Pale, yellow, clear 

viscous fluid 

Viscosity at 210 J F. (98.9'C.) 6,000 est (AST D445-53T) 

at 100'f. (37.8'C.) 45,000 est (AST D445-53T) 

Specific Gravity 60/60'F. (15.5 # C.) 1.089 (BWC test) 
Flash point 51Q . F> (asth D2 _ 52) 

Vxve point 535 . F> Usrm D9 2-52)(279.4-C.) 

Surface tension (12 aq.) 5 4.7 dynes/cm. at 75'F. (23.9'C.) 

(ASTM D1331-56) 
48.4 dynes/cm. at 105 *F. (40.6*C.) 

(ASTM D1331-56) 
44.2 dynes/cm. at 110'F. (43.3'C). 
(ASTM D1331-56) 

Shear Stability (in a typical + 1% Cmod. WL 1 method 3471) 

fire resistant fluid) 
change in viscosity 12,000 
cycles, 1000 psi 

An even better suited class of polyol for use in the 
treating composition of the present invention to maximize the 
benefits achieved are the polyols that are liquids having a vis- 
cosity greater than about 30,000 centistokes at about 100'F. 
(38'C.) and about 1,000 centistokes at 210*F.» (99*C.) and in 
particular, the less water soluble polymeric polyol like polyoxy- 
alkylene polyols. The amount of the polyol used in the aqueous 
treatxng composition is in the range of about 0.1 to about 10 
weight percent of the aqueous treating composition. The most 
useful amount in the aqueous treating composition of the present 
invention is a predominant amount of the solids of the composition 
Thxs is on the order of about 50 to about 95 weight percent or more 
of the solids (non-aqueous components) of the treating composition. 

The treating composition of the present invention also 
has one or more organo-metallic or organo-silane coupling agents 
bavxng polar organic functionalities through the presence of 
hetero-atoms like nitrogen, oxygen, chlorine and/or sulfur and the 
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like. The organo-metallic coupling agents include complex com- 
pounds of the Werner type in which a trivalent nuclear atom, such 
as chromium, is coordinated with an organic acid such as meth- 
acrylic acid, and basic (hydroxy containing) metal salts of strong 
mineral acids as basic chromium chloride, basic chromium sulfate, 
etc. The organosilane coupling agent can be in its unhydrolyzed or 
hydrolyzed form, silanol form or in the siloxane polymeric form. 
Examples of the polar organic functionalities for the coupling 
agents that can be used are amino, acrylic epoxy, thio, uredio, and 
chloroalkyl organic groups like the amino silanes, epoxy silanes 
and thio silanes, ureido functional silanes, and chl oropropyl- 
silanes and lubricant modified variations of these silane coupling 
agents. It is suspected without limiting the invention, that 
the organic polar functionalities present with the coupling agents 
lead to chemical interactions with the polymeric binders used to 
impregnate the nonwoven, sheet-like mat, where the polymeric binder 
also has polar functionality. 

Nonexclusive examples of silane coupling agents found 
particularly suitable for use in the treating composition of the 
present invention include amino functional silanes like those 
having the formula NH2-R 2 -si-(0R) z , where z is an integer from 1 to 
3 or the corresponding hydrolysis products such as corresponding 
silanols and/or polysiloxanes and R 2 can be the same or different 
moities selected from lower alkyl or aliphatic hydrocarbons 
having less than eight and preferably less than 5 carbon atoms, and 
where R 2 is a biradical selected from the lower alkyl or aliphatic 
hydrocarbons having less than eight carbon atoms. Nonexclusive 
examples include gamma aminopropyltriethoxy silanes such as those 
commercially available from Union Carbide Corporation under the 
trade designation 1100 silane coupling' agent and A-1108 amino 
silane coupling agent that is modified with a lubricant and A-llll 
silane coupling agent, which is N-bis<betahydroxyethyl) gamma- 
am ino propyl trie thoxy silane, and N-beta(aminoethyl) gamma aminopro- 
pyltrimethoxy silane (A-1120) and the like including diamino and 
polyamino silane coupling agents. Also useful are silanes like 



gamma mercaptopropyl trimethoxysilane (A-189) and uredio-modif ied 
amino silane (A-1160) and chloropropyl trichlorosilane (Z-6030) and 
vinylbenzylamine functional silane (Z-6032) where the A designated 
materials are available from Union Carbide Corporation and the 
Z-designated materials are available from Dow Corning Corporation. 
Also, epoxy. silanes such as gamma-glycidoxy propyl trimethoxy 
silane (A-187) available from Union Carbide Corporation has been 
found particularly suitable for the present invention. Nonexclusive 
examples of epoxy silanes that can be used are the epoxy silanes 

having the general formula C^CH 2 -CH 2 -0-<CH 2 ) x -SiCORh to 3, wherein 
x is an integer from 1 to 6 and R is a lower alkyl, for example, 
methyl, ethyl, propyl, isopropyl, etc., or epoxy silanes of the' 

formula R C - Nm^(CH 2 ) z -SiCC-R^ to 3, where z is an - 
integer from 1 to 6 and these epoxy silane compounds include • 
the corresponding hydrolysis products such as the corresponding 
silanols and/or polysiloxanes . Representative examples of the 
epoxy silanes include gamma glycidoxy alkyl trimethoxy silane; 
gamma-glycidoxy alkyl triethoxy silane; delta-glyc idoxy butyl' 
trimethoxy silanes; and 3,4-epoxy cyclohexyl ethyl trimethoxy silane; 
beta-glycidoxyethyltriethoxysilane; beta-<3,4-epoxycylohexyl) 
ethyltriUethoxyethoxy)silane; beta (3-epoxyethyl phenyl) ethyltri- 
methoxy silane; beta(epoxyethyl) ethyl triethoxysilane ; 4,5-epoxy- 
n-hexyl trimethoxy silane; 15, 16-epoxy-n-hexadecyl trimethoxysilane; 
3-methylene-7-methyl-6-7-epoxyoctyl trimethoxysilane. Also, the 
acrylic functional silane coupling agents such as gamma methacryloxy 
alkyl trimethoxy silane can be used. The amount of coupling agent 
such as silane used in the treating composition of the present 
invention is in the range of about 0.01 to about 2 and preferably 
less than 1 weight percent of the total treating composition. The 
addition of nonpolar type coupling agents do not achieve any 
additional benefit in the performance of the treating composition 
and the performance of the treated glass fibers when used for 
the preparation of a nonwoven, sheet-like mat. 
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The treating composition of the present invention has one 
or more water soluble, dispersible or emulsifiable cationic surfact- 
ants having one or more primary, secondary and/or tertiary amine 
moieties- Nonexclusive examples of the cationic lubricating 
surfactants include: aliphatic mono, di, and polyamines like 
N-alkyltrimethylenediamine, 2-alkyl-2-imida Z oline or l-<2- 
anxinoethyU-Z-alkyl^-iaxidazoline, where respectively, the alkyl 
groups can be those such as soya alkyl, tallow alkyl, coco alkyl or 
9-octa decenyl or mixtures of alkyls, heptadecenyl , undecyl or' 
heptadecyl, nonyl or mixtures of alkyls, where these compounds are 
water soluble, dispersible or emulsifiable. Also compounds can be 
used that are like: amine oxides, polyoxyalkylene alkylamines, 
l-(2-hydroxyalkyl)-2-alkyl-2-i m idazolines, 2-hydroxyalkyl-2- 
imidazoline, or N, N, N' , N' ,-tetrakis-substituted alkylene 
diamine derivatives or rosin derived amines, where the alkyl group 
can be like cetyl, lauryl, myristyl, stearyl, coco, hydrogenated 
tallow, hexadecyl, tallow ocatdecyl, alkyl groups with twelve, 
fourteen or sixteen carbon atoms, decyl, and oleyl, and where the 
alkyl groups for polyoxyalkylene, aliphatic and resin monoamines, 
where the alkylene is ethylene or an equivalent, are in additiou'to 
those aforementioned the following: soybean, alkyl groups with 
from about 8 to about 22 carbon atoms and soya- Other useful 
cationic surfactants include polyoxyethylene alkyl and alicyclic 
amines, where any of the aforelisted alkyl groups and any of the 
known alicyclic groups can be used. These cationic materials are 
more fully described in the "Encyclopedia of Chemical Technology", 
Kirk and Othmer, Vol. 19, pages 554-563, The Interscience Encyclo- 
pedia, Inc., N.Y. These cationic. materials include- those like 
polyoxyethylene linear alkyl amines, and polyoxyethylene dihydro- 
abietyl amines. Also useful are the condensation reaction products 
of carboxylic acids, fatty acids with di or polyamines or dialkyl- 
ene or polyalkylene amines and polyalkoxylated derivatives thereof. 

A particularly useful class of cationic surfactants are 
the lubricant cationic surfactants that are alkyl imidazoline 
derivatives, which includes compounds of the class, n-alkyl-N- 
amino-alkyl imidazolines, which may be formed by causing fatty 
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composition is sufficient to give a total solids (nonaqueous) 
content of the aqueous treating composition in the range of about 
1 to about 25 percent by weight and preferably about 2 to about 10 
percent by weight of the aqeous treating composition, 

5 The treating composition of the present invention can be 

prepared by any method and with any equipment known to those 
skilled in the art for preparing aqueous treating compositions to 
be applied to glass fibers. For instance, the chemical compounds 
can be added sequentially or simultaneously to water or in any 

10 order whatsoever. When the chemical compounds are only slightly 

water soluble, it is better to dissolve these materials in warm 
water before diluting with cold water to prepare the aqueous 
treating composition in its final volume. This is especially true 
for the higher viscosity polyoxyalkylene polyols. 

2-5 The aqueous treating composition can be applied to any 

type of glass fiber by any method known to those skilled in the 
art- For instance, the glass fibers can be prepared by mechanical 
attenuation or the like from batch compositions known as "E" glass 
or ,, 621" glass or more environmentally acceptable derivatives 

20 thereof, and other types of glass such as "A" glass, "C" glass, or 

"S" glass. The aqueous treating composition can be applied to the 
glass fibers after they are formed and during their attenuation by 
any type of applicator such as belt applicators, roll applicators 
or any applicator which enables the liquid to contact the glass 

25 fibers. The amount of the aqueous treating composition applied to 

the glass fibers should be sufficient to give at least a partial or 
intermittant coating of the treating composition on the treated 
glass fiber strand of around 0.01 to about 5 weight percent of the 
treated glass fiber strand. The treated glass fibers can be 

30 chopped directly as -fibers or gathered into one or more glass fiber 

strands and chopped, where the fibers or strands are chopped during 
the process of forming the glass fibers after the treating composi- 
tion has been applied to them into lengths varying from about 1/16 
(1.59 mm) of an inch to about 3 inches (76.2 mm) and more particu- 

35 larly about 1/2 inch (12.7 mm) to about 1 inch (25.4 mm). Such a 
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process is commonly referred to in the art as the wet chop process. 
Also the glass fibers can be treated and gathered into strands much 
like the wet chop process, but the fibers are collected as continu- 
ous glass fiber strands into a forming packages and subsequently 

5 chopped in a remote wet chop process or after drying in a dry chop 

process into lengths similar to those of the direct wet chop 
process. In preparing the glass fiber strand, the filament diameter 
of the glass fibers making up the strands can vary from around 3 
microns to around 20 microns or higher and preferably around 9 to 

10 around 18 microns. 

The aqueous dispersion of treated glass fibers is achieved 
merely by placing the wet or dry chopped glass fibers of the 
desired length into a bath of water with or without dispersing aids 
usually with agitation and/or turbulence to form a dispersion of 
glass fibers for use in the wet-laid process or other paper making 
processes. The amount of the chopped treated glass fibers in the 
aqueous dispersion can range from about 0.001 to about 5 but 
preferably about 0.01 to about 3 weight percent of the aqueous 
dispersion. Although the treated glass fibers of the present 
invention can be used without dispersion aids, any of the conven- 
tional dispersion aids can be used with the chopped, treated glass 
fibers of the present invention. Nonexclusive examples of such 
dispersion aids that can be used include the polyoxyethylated 
tallow amine dispersing agent available from GAF Corporation under 
the trade designation "Katapol" agents used alone or in conjunc- 
tion with thickeners like hydroxy and/or carboxy alkyl cellulose, 
especially the hydroxy ethyl and hydroxyl methyl celluloses and 
soluble or dispersible salts thereof such as that available from 
Hercules, Inc. under the trade designation "Natrasol" or other 
thickeners like "Separan" polyamide from Dow Chemical Company and 
the like. Another example of a dispersing agent that can be used 
with the chopped glass fiber strands of the present invention is 
the dispersing agent available from Diamond-Shamrock Chemical 
Company under the trade designation "Nopcosperse" and especially 
the "Nopcosperse" FFD product. The Nopcosperse FFD product is a 
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blend of alkyl sulfate quaternary of the alkyl amino fatty acid 
amide or amine in a water dispersible, mineral oil with an inorganic 
silica defoaming agent. Other examples of dispersing agents that 
can be used include the quaternary ammonium compounds such as those 
available under the trade designation "Arquad 2 HT-75" and the 
like. Also, quaternary ammonium surfactants can be used such as 
those available under Arquad and Aliquat trade designations 
and mixtures of amine oxides with derivatized guar gum and mixtures 
of guar gum and isostearic amides can be used. 

The nonwoven, sheet-like mat of treated chopped glass 
fiber 8 can be made by any method and with any apparatus known to 
those skilled in the art. For example, a hand mold method and 
apparatus can be used or the Fourdrinier paper machine or cylinder 
machines can also be used. Also, the machines known as Stevens 
15 former of the Beloit Corporation and the Rotoformer from the Sandy 

Hill Corporation and the Inver former from the Beloit Corporation 
and the Vertiformer from the Black Clawson Company can all be 
used to form the mat of the present invention. In the wet-laid 
process, the aqueous dispersion of glass fibers may be diluted by 
20 white water and held in a head box of any of the aforementioned 

machines. The white water is water containing similar dispersing 
agents as the aqueous dispersion, where the white water is fresh 
and/or recirculated from collection points in the process of 
forming the nonwoven mat. The aqueous dispersion from the head 
25 box is placed on a screen or cylinder, where some water is removed 

usually by vacuum or suction apparatus. After sufficient water has 
been removed, the mat has a polymeric binder applied to it, and any 
excess binder is removed usually by vacuum or suction means. The 
binder-containing mat is dried and cured in one or more ovens to 
produce the nonwoven, sheet-like mat. The mat may be collected 
usually in a large roll weighing from several hundred pounds to 
close to 1,000 pounds. The polymeric binders that are used are any 
of the group of so-called "wet- strength" resins, which include such 
resins as urea formaldehyde and cationic polyamide-epichlorohydrin 
35 commercially available from Hercules Incorporated under the trade 
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name "Kymene 557 H" and cationic urea-formaldehyde resina avail- 
able from" Hercules, Inc. under the trade designations "Kymene 882" 
and "Kymene 917". Also, melamine-formaldehyde type and phenol 
formaldehyde type and resorcinol formaldehyde type and polymerizable 
polyfunctional N-methylol compounds, notably N-methylol ureas such 
as dimethylol urea and N^nethylol melamine type resins and other 
amino resins known to those skilled in the art can be used. Other 
types of resins that can be used are polyvinyl alcohol, polyvinyl 
acetate, and acrylic polymers and copolymers. Also, mixtures of 
resins can be used such as the urea formaldehyde or melamine 
formaldehyde resins mixed with styrene butadiene copolymer latices 
and other latices and/or acrylic polymers or copolymers like 
acrylamide. The amount of binder used in the nonwoven, sheet-like 
mat product is in the range of about 3 to about 45 percent, pref- 
erably about 10 to about 30 percent based on the weight of the 
unfinished mat; If the amount of binder is too great, the porosity 
of the mat could be adversely affected, and, if the amount is too 
low, the integrity of the mat could be adversely affected. 
.After the binder is applied, the binder-containing glass fiber mat 
is dried to set or cure the binder. This can be accompli a hed with 
can driers or any one or more drying devices used in the art. 

The nonwoven, sheet-like glass fiber mat of the present 
invention is suitable for use as a replacement for felt in shingles 
and also for use in builtup roofing (BUR) systems and for use as 
backing materials and base materials in flooring applications. In 
these applications, the mat with the polymeric binder must have 
certain strength properties. These strength properties are mea- 
sured by dry tensile, wet tensile, hot-wet tensile and tear strength 
of the mat with the polymeric binder. A good mat and binder 
product must have adequate tensile strength and adequate tear 
strength and wet strength. The nonwoven, sheet-like mat and binder 
product of the present invention has these adequate properties and 
even further improved values for these properties as is shown in 
the examples of the present invention. 
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PREFERRED EMBODIMENT OF THE INVENTION 
Gl ass fibers that are treated with the aqueous treating 
composition of the present invention are preferably those having 
filament diameters of around 9 to around 18 and most preferably, 
16 microns. The aqueous treating composition preferably has one 
cationic lubricant surfactant which is a fatty imidazoline deriva- 
tive formed as the reaction product of tetraethylene pent amine and 
stearic acid, which also has enough dextrin to prevent syneresis 
along with a polyol having a viscosity of at least 30,000 centi- 
stokes at 100 # F. (38°C.) and 1,000 centistokes at 210 # F. (99*C.) as 
determined by ASTM method D445-53T and a polar functional silane 
coupling agent. Also, the aqueous treating composition of the 
present invention has a high molecular weight liquid polyoxyalkyl- 
ene polyol such as that available from BASF Wyandotte Corporation 
under the trade designation Pluracol^ V-10. It is also most 
preferred that- the cationic lubricant is that available under the 
trade designation Cation-X - version C from Lyndal Chemical Co., 
Lyndhurst, N.J. It is further most preferred that the aqueous 
treating composition have the polar epoxy functional silane coupl- 
ing agent. The preferred amounts of these materials are for the 
polyol, an amount of about 0.1 to about 2 weight percent of the 
aqueous treating composition, and for the cationic lubricant 
surfactant in the amount in the range of about 0. 1 to 2 weight 
percent of the aqueous treating composition, and the amount of 
the epoxy silane coupling agent, which is gamma-glyc id oxy propyl tri- 
methoxy silane of about 0.03 to about 0.4 weight percent of the 
aqueous treating composition. The amount of water present in the 
aqueous treating composition is that sufficient to give a solids 
content in the range of about 0.1 to about 5 weight percent, and 
most preferably about 0.5 to about 1.5 weight percent. 

The aqueous treating formulation is prepared by completely 
hydrolyzing the epoxy silane in a premix vessel in neutral water 
with a pH of about 6 to about 8. In a premix vessel, the cationic 
lubricant surfactant is dissolved in warm water and not at a 
temperature above 145 *F. (62 °C.) to avoid degradation before 



dl U T 8 T C ° ld Wat6r i0 3 P " mix — -I- Polyo Xy al kyle ne 
po yol xs dxssolved completely in war* water of about 150 ♦ 10"F 

1 L: i fore dilutins cold water in * 

Toe materials xn the premix vessels can be c Mbiaed ia „ y fashioQi 
though xt xs preferred to add the diluted cationic lubricant 
surfactant to the epoxy silane solution and add the dissolved 
Pdyol to this fixture and then dilute with water to the final 

desxred volume. If foam buildup occurs flnw a * 

° Up occ «s, any defoamxng agent can be 
added, but preferably the defoaning agent available from Diamond- 
Shamrock Company under the trade designation Nopco NEW is added 
The aqueous treating composition is used to treat the 
glass fxbers preferably in a wet chop process, where the treated 

format ^ ^ «- «b« 

formatxon and attenuation process. Preferably, the treated gl ass 

fxbers are chopped into lengths ranging from about 1/2 inch Cl2 . 7 
to a ixttle over 1 inch (25.4 mm.). The treaCed gla8s fiber 
strands have an amount of the treating composition ranging in an 
amount from about 0.01 to about 1.5 percent of the treated glass 
frber strands. 

The treated gl ass fiber strands are added ^ ^ ^ 
form a dxspersion and it is preferred that- * a- 

as Kat^m a • . Preterred that * dispersing agent such 

as Katapol dxspersant xn combination with the Natrasol HR 250 
thxcfcener be used in amounts in the range of about 0.001 to about 
0.05 wexght percent for each material based on the weight of the 
dxspersxon. The chopped glass fibers are added to the aqueous 
so utxon with the dispersing agents in a preferred amount of about 
0 1 to 1.0 wexght percent of the aqueous dispersion and, thereafter 
diluted with white water to about 0.01 to about 0.05 wexght per- 
cent of the aqueous dispersion. The preferred polymeric material 
used to form the nonwoven, sheet-lifce mat is a urea formaldehyde 
resxn modxfxed to have anionic functionality, either by a blend of 
polymers or by the preaence q£ ^ ^ ^ 

formaldehyde resin. The mat is dried and cured in an oven after 
any excess binder is removed by vacu or suction means to produce 
the nonwoven, sheet-lilce mat of the present invention. 
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Additional information and further illustrations of the 
• embodiments of the aqueous treating composition, treated glass 
fibers, dispersion and nonwoven, sheet-like mat of the present 
invention are presented in the following examples, although these 
examples do not limit the scope of the invention to these specific 
embodiments. 

EXAMPLES 

Two examples of the treating composition applied to glass 
fibers of the present invention, and three illustrative examples of 
treating compositions applied to glass fibers are given in Table I. 
Table I presents data of the formulations of these examples. These 
formulations were prepared in a manner identical to that disclosed 
in the specification and the preferred embodiment section of the 
specification for the various chemical compounds present in exam- 
ples 1 and 2 and illustrative examples 1-3. 

The treating compositions of Table I were used to treat 
glass fibers having a filament diameter of around 15.88 + 0.63 
microns in a wet chop forming process. The individual glass fibers 
were gathered into one or more strands and chopped into lengths, 
where the average length of the chopped glass fiber strand was 
around 0.5 inch (12.7 mm.). In obtaining the separately treated 
chopped glass fiber strand samples from the examples of the treat- ' 
ing formulations of Table I, all of the glass fibers were treated 
in a similar manner with a belt-type applicator, where the glass 
fibers were attenuated at a similar speed and the belt-type appli- 
cator was driven at a similar speed. The amount of the treating 
composition present on the treated glass fibers was around 0.05 to 
about 0.5 percent on a loss on ignition (LOI) basis. These various 
samples of treated chopped glass fibers strands were used to make 
separate aqueous dispersions of glass fibers, which were then 
prepared into separate nonwoven, sheet-like glass mats that were 
impregnated with the same binder. These nonwoven, sheet-like mats 
were then tested for various physical properties. These proper- 
ties tested included dry tensile, wet tensile, hot-wet tensile, 
hot-wet retention and tear strength. 
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from the mold and over a slot having dimensions of 3/16 of an inch 
(4.76 mm) by 12 inches (304.8 mm), or whatever length. The anionic 
urea formaldehyde resin is applied to the glass mat with a paint 
sprayer by evenly spraying and saturating the mat without causing 
any distortion in the mat format. The excess resin is removed from 
the mat by pulling the mat and screen evenly and smoothly away from 
the slot across a vacuum bar. The mat and screen are flipped over 
a piece of available fabric and the screen is removed and the 
fabric and mat are placed in a forced air oven at a temperature of 
around 240T. to around 270°F. (116'C. to 132*C.) for approxi- 
mately five minutes. After drying is completed, the sheet is ready 
for curing and testing. This curing is accomplished by placing the 
glass mat in a forced air oven at a temperature around 390 to 
around 410'F. (199 to 210'C.) for around 2 minutes. 

The nonwoven, sheet- like, mat of glass fibers prepared 
from commercial- examples I and II were prepared in the same manner 
as the mats made of chopped glass fibers treated with the formula- 
tions of Table I. The commercial samples are available from 
Cwens-Corning Fiberglas Corporation and PPG Industries, Inc. 
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The tensile strength of the nonwoven, sheet-like mat was 
measured under various conditions using a sample of the material, 
which was 1 inch (25.4 mm) by 7 inches (178 mm). The dry tensile 
of the sample was tested in an Instron testing machine with a jaw 
distance of 5 inches, where the jaws were padded or taped sample 
ends. The crosshead speed used for the Instron machine was 0.2 
inches (5.1 mm) per minute. In the dry tensile test, the sample 
was placed in the Instron and the breaking point was measured in 
pounds per inch. Another sample was that 1 inch (25.4 mm) by 7 
inches (178 mm) was soaked in water for a period of 5 minutes and 
then tested in the Instron testing machine under the same condi- 
tions as the dry tensile test to obtain wet tensile strength data. 
Another sample that was 1 inch (25.4 mm) by 7 inches (178 mm) was 
treated in a hot water bath at a temperature of 180*F. (82 # C.) for 
15 a period of time of 10 minutes. This, treated sample was then 

tested in the Instron testing machine using a similar procedure as. 
that for the dry and wet tensile to obtain hot wet tensile data. 
The hot wet retention was calculated as a percentage and was 
determined in the following manner. 

20 Z Hot wet retention - Hot wet tensile x 1Q0Z 

Dry tensile 

The tear strength of the sample was measured according to a stand- 
ard test of the American Society of Testing Materials (ASTM) , 
test procedure D689 with a revision using the Elmendorf tear tester. 
The revision allows the use of data on reinforced glass mats, where 
25 the tear may deviate from the initial slit in the sample instead of 

following a reinforcing strand. 

The binder distribution in the nonwoven, sheet-like mat 
was tested according to a loss on ignition (L0I) test. The sample 
weight was 5 to 7 grams and the temperature of treatment was 600 + 
25'C. for a period of time of 15 + 1 minute. The procedure involTed 
using three samples laid across a sheet which was subjected to the 
temperatures for the stated time. The LOI is recorded to the 
nearest 1/10 percent for each sample. 

Table II presents the data from these tests for the glass 
35 fibers treated with the aqueous treating compositions of the 
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examples. Also in Table II there are shown commercial products and 
how they performed according to these tests. The data of Table II 
show that the treated glass fiber strands of Examples 1 and 2 give 
the best results for a majority of the strength parameters that 
were measured for the nonwoven, sheet-like mat. Although illustra- 
tive example 3 may have given a good result for tear strength which 
was just one of the measured strength parameters, the illustrative 
examples and commercial samples did not give good strength proper- 
ties for a majority of those measured properties as did Examples 1 
and 2. In addition, the illustrative examples 1, 2 and 3 show the 
absence of any beneficial affect and possibly a deleterious affect 
on the strength properties of nonwoven, sheet-like mat, where the 
treating composition for the glass fibers had urea. 

The foregoing has described treated glass fibers having 
adequate protection when they are gathered into strands for proc- 
essing of the strands. Also described are chopped treated glass 
fiber strands, which have good dispersibility in aqueous media with 
or without dispersing aids. Another feature of the present inven- 
tion aforedescribed is an aqueous dispersion of chopped glass 
fibers, where the dispersion has good uniformity which leads to 
good strength properties for nonwoven, sheet-like mat. An addi- 
tional further feature of the present invention is the nonwoven, 
sheet-like mat with a binder that is useful as a substitute for 
felt in the production of shingles and also as a base or reinforc- 
ing material in roofing such as builtup roofing systems and also as 
a base or reinforcing material for flooring applications. The 
foregoing features of the invention result from the treating 
composition on the glass fiber having a cat ionic surfactant 
with one or more primary, secondary and/or tertiary amines and a 
polyol protecting material and an organo polar functional coupling 
agent. 
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I CLAIM : 

1. Glass fibers having an aqueous treating composition 
on their surfaces, where the treating composition has a coupling 
agent and cationic agents characterized in that the treating 
composition consists of: 

a) a cationic agent that is one or more cationic 
surfactants having one or more primary, secondary, 
and/or tertiary amine moieties in an amount of 
about 0.001 to about 10 weight percent of the aqueous 
treating composition, 

b) a coupling agent that is one or more polar functional 
coupling agents in an amount of about 0,01 to about 

2 weight percent of the aqueous treating composition, 
and 

c) the water is present in an amount to give a solids 
content that is effective for applying the composi- 
tion to glass fibers and the aqueous treating com- 
position has: 

d) one or more water soluble, dispersible or emulsifi- 
able polyols in an effective amount to provide 
sufficient protection to the glass fibers, 

2_ Glass fibers of Claim 1, wherein in the treating 
composition the cationic surfactant is selected from the group 
consisting of aliphatic mono-, di- and polyamines, 2-alkyl-2- 
imidazo lines, l-(2-aminoethyl)-2-alkyl-2 -imidazoline; amine oxides, 
polyoxyalkylene alkyl amines, l-(2-hydroxy alkyl) -2 -alky 1-2- 
imidazoline, 2-hydroxy-alkyl-2-imidazoline, N, N N', N', tetrakis- 
substituted ethylene diamine derivatives, rosin derived amines, 
polyoxyethylene alicyclic amines; polyoxyethylenedihydroabie tyl 
amines and reaction products of carboxylic or fatty acids with di 
or polyamines or dialkylene or polyalkyl amines and polyalkoxylated 
derivatives ther eo f • 

3, Glass fibers of Claims 1 or 2, wherein in the treat- 
ing composition the cationic surfactant is a lubricating surfactant 
selected from alkyl imidazoline derivatives including compounds of 
the class n-alkyl-N-amidoalkyl imidazolines, which may be formed by 
causing fatty acids or carboxylic acids to react with polyalkylene 
polyamines under conditions that produce ring closure. 



- 30 - 



°1 04555 



4. Glass fibers of Claims 1-3, wherein in the treat- 
ing composition, the polyol has a viscosity greater than 30,000 
centistokes (0.03 c^/sec.) at 100'F. (37.8'C ) and 1,000 centistoke: 
(0.001 m 2 /sec.) at 210*F. (98.9*C.). 

5. Glass fibers of Claims 1-^, wherein in the treat- 
ing composition the polyol is selected from the group consisting of 
alkylene glycols, dialkylene glycols, and triols, polyalkylene 
glycols, polyoxyalkylene glycols or mixtures thereof. 

6. Glass fibers of Claim 8 1-5, wherein in the treating 
composition the amount of the polyol is in the range of about 0.1 
to about 10 weight percent of the aqueous treating composition. 

7. Glass fibers of Claims 1-6, wherein in the treating 
composition the polar functional coupling agent is selected from 
epoxy silane coupling agents, amino silane coupling agents, acrylic- 
contaxning silane coupling agents, thio-containing silane coupling 
agents, ureido-modified silane coupling agents, and organo chlorine 
silane coupling agents. 

8. Glass fibers of Claims 1-7 having the dried residue 
of the aqueous treating composition. 

9. Glass fibers of Claims 1-8, wherein the amount of the 
treating composition on the glass fibers is in the range of about 
0.01 to about 5 weight percent of the treated glass fibers. 

10. Nonwoven, sheet-like mat made from an aqueous disper- 
sion of chopped glass fibers of Claims 1-9, where the chopped glass 
fibers have a length of about 1/16 of an inch to about 3 inches and 
are present in an amount of about 0.001 to about 5 weight percent 
of the dispersion, where the mat has less water than that present 
in the dispersion. 



